Most penile cancers are squamous cell carcinomas, but there are several subtypes with different clinicopathologic, viral, and outcome features. We are presenting 45 cases of a distinctive morphological variant of penile squamous cell carcinoma composed of mixed features of warty and basaloid carcinomas. This tumor was earlier recognized in a recent viral study and showed a high association with human papillomavirus infection. However, clinicopathologic features are not well known. In this multi-institutional study, patients' mean age was 62 years. Most tumors (64%) invaded multiple anatomical compartments, including glans, coronal sulcus, and, especially, inner foreskin mucosa. Tumor size ranged from 2 to 12 cm (mean 5.5 cm). Three morphological patterns were recognized: (1) the most common, observed in two-thirds of the cases was that of a typical condylomatous tumor on surface and basaloid features in deep infiltrative nests; (2) in 15% of the cases, there were non-papillomatous invasive carcinoma nests with mixed basaloid and warty features; and (3) unusually, predominantly papillomatous. Invasion of penile erectile tissues was frequent, either corpus spongiosum or cavernosum (47% each). Tumors limited to lamina propria were rare. Most tumors were of high grade (89%). Vascular and perineural invasion were found in about one-half and one-quarter of cases, respectively. Associated penile intraepithelial neoplasia was identified in 19 cases and mostly showed basaloid, warty-basaloid, or warty features. Inguinal nodal metastases were found in 11/21 patients with groin dissections. Invasion of corpora cavernosa, high histological grade, and presence of vascular/perineural invasion were more prevalent in metastatic cases. In 21 patients followed, the cancer-specific mortality rate was 33% with a mean survival time of 2.8 years. Warty-basaloid carcinomas are morphologically distinctive human papillomavirus-related penile neoplasms that, such as basaloid carcinomas, are biologically more aggressive than typical warty carcinoma from which they should be distinguished.
Most cancers of the penis are squamous cell carcinomas, but there is a wide spectrum of histological subtypes. [1] [2] [3] About one-third of penile tumors are exophytic and papillomatous and the differential diagnosis among them may be problematic. 2, 3 Exophytic verruciform tumors include giant condylomas, verrucous, warty (condylomatous), papillary, not otherwise specified carcinomas, and the recently described carcinoma cuniculatum. These neoplasms are associated with a good prognosis. [2] [3] [4] [5] [6] Other subtypes of penile squamous cell carcinomas, including usual, sarcomatoid, and basaloid carcinomas, do not depict a papillomatous pattern of growth and their prognoses range from intermediate to poor. 2, 3, [7] [8] [9] [10] After examination of a large number of penile carcinomas, we have occasionally encountered tumors morphologically composed of an admixture of warty and basaloid carcinomas. The association of these special subtypes of penile carcinomas, both showing different morphological features and biological behavior, [2] [3] [4] 7 is not surprising considering their presumed common human papillomavirus-related pathogenesis. [11] [12] [13] In a recent large survey of human papillomavirus in invasive penile tumors, warty-basaloid carcinomas were recognized as a special tumor subtype. They were among those more commonly associated with the virus. 13 However, there is no adequate clinical, pathological, and outcome characterization of wartybasaloid carcinomas. In this report, we are presenting a large number of cases to describe these features.
Materials and methods
Clinical charts and pathologic materials from 45 patients were retrospectively evaluated. They were from the Pathology Department files of the Instituto de Patología e Investigació n, Asuncion, Paraguay (24 cases); M.D. Anderson Cancer Center, Houston, Texas (13 cases); and Hospital do Cancer A.C. Camargo, São Paulo, Brazil (8 cases). Twentyone patients received prophylactic bilateral groin dissection.
Clinicopathologic Features
Clinical and pathological features evaluated included patient's age, tumor anatomical site, tumor maximum diameter (in cm), anatomical level of invasion, tumor thickness (in mm), histological grade, proportions of warty vs basaloid component, presence of vascular and perineural invasion, associated precancerous lesions, lichen sclerosus, and outcome. Warty features included the presence of papillae lined by polygonal cells with distinctive cellular boundaries, ample eosinophilic clear cytoplasm, and more or less prominent koilocytes (cells with wrinkled hyperchromatic nuclei, perinuclear halo, and frequent bi and multinucleation). Basaloid features referred to the presence of a monotonous population of poorly differentiated cells with scant basophilic cytoplasm, indistinctive cellular borders, inconspicuous nucleoli, and high-mitotic/apoptotic rate. If a centrally necrotic tumor nest was entirely composed of eosinophilic keratinized large squamous cells, either with or without koilocytosis, it was not classified as basaloid or warty-basaloid. The minimal tissue proportion of either warty or basaloid pattern required for diagnosis was 10%. Mixed tumors showing other histological features were excluded.
Tumor thickness was measured from the nonkeratinized uppermost superficial tumor cell layer to the deepest point of invasion. Histological grading was performed using previously reported criteria 14 as follows: grade 1, tumors composed of neoplastic cells almost undistinguishable from normal epithelial cells, except for a minimal basal/ parabasal atypia; grade 2, tumors composed of neoplastic cells with more evident nuclear atypias, but with a clear tendency toward squamous maturation; grade 3, tumors composed of any proportion of anaplastic cells with nuclear pleomorphism, hyperchromasia, irregular nuclear membrane, coarse chromatin, and prominent nucleolus. All grade 3 tumors were considered high-grade tumors, whereas the designation of low-grade tumor was reserved for grades 1 or 2 neoplasms. Presence of perineural and vascular invasion was evaluable in 40 cases. Associated lesions included lichen sclerosus and penile intraepithelial neoplasia, the latter subclassified in differentiated, basaloid, warty, and wartybasaloid. 15 Differentiated ('simplex') penile intraepithelial neoplasia was characterized by atypical epithelial cells, more prominent at bottom layers, with retained squamous maturation, evident intercellular bridges, acanthosis, hyperkeratosis with parakeratosis, and hypergranulosis. In basaloid penile intraepithelial neoplasia, the epithelium was replaced by a monotonous population of small basophilic cells with high nuclear/cytoplasmic ratio, indistinctive cellular borders, and high-mitotic/apoptotic rate. In warty penile intraepithelial neoplasia, the epithelium exhibited a spiky surface with parakeratosis, conspicuous koilocytosis, acanthosis, and nuclear pleomorphism. Warty-basaloid penile intraepithelial neoplasia showed the two aforementioned patterns intermingled, with basaloid cells at the bottom and warty changes in the surface. The diagnosis of lichen sclerosus required the presence of an evident subepithelial dense hyalinization band with an underlying chronic inflammatory infiltrate. 16 Follow-up was available in 21 patients and ranged from 6 to 304 months (mean 85 months, median 34 months). For mortality rate estimations, only cancerspecific deaths were taken into account.
Clinicopathologic Comparison with Other Squamous Cell Carcinomas Subtypes
Comparison of clinicopathologic features of wartybasaloid and other subtypes of squamous cell carcinomas was performed using previously reported series, which included 34, 34, and 215 cases of warty, basaloid, and usual squamous cell carcinomas, respectively.
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Statistical Analysis
For comparison among different squamous cell carcinomas subtypes analyzed, the w 2 or the oneway ANOVA/Kruskal-Wallis tests were performed. In all cases, a two-tailed Po0.05 was required for statistical significance. Data were analyzed using the software GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA, USA) and Epi-Info version 3.5.1 (Centers for Disease Control and Prevention, Atlanta, GA, USA).
Results
Clinical Features
Clinical presentation was that of a penile mass in most cases. The majority of patients were in their sixties. About two-thirds of tumors affected multiple anatomical compartments. Glans and foreskin were common anatomical locations in tumors limited to one compartment (Table 1) .
Pathologic Features
The gross appearance ranged from exophytic to endophytic tumors, but the majority of cases showed a white-gray large irregular mass extending through multiple penile compartments and measuring from 2.0 to 12.0 cm (mean 5.5 cm). Tumor cut surface was either tan-to-white solid or mixed papillomatous on the surface and solid in deeper invasive areas ( Figure 1 ). In most cases, deeply penetrating tumor was noted in corpus spongiosum, dartos, or corpora cavernosa through tunica albuginea. Microscopically, tumors were biphasic and complex albeit distinctive, showing variable proportions of warty and basaloid components. In 36 cases (80%), at least half of tumor mass showed basaloid features, whereas in the remainder nine cases, areas of warty carcinoma predominated. Three microscopic patterns were found: (1) the most common, observed in two-thirds of the cases, showed a typical condylomatous aspect on tumor surface and basaloid features in deep infiltrative nests ( Figure 2 ); (2) in 15% of the cases, there was a non-papillomatous invasive nesting pattern (Figure 3a and b) and the central portion of the nest was usually composed of necrotic material or keratin debris; ad luminal cells were maturing keratinized squamous cells with prominent parakeratosis and koilocytosis; the peripheral one-half was composed of smaller nonkeratinized basophilic cells; (3) the least frequent pattern was represented by tumors with a predominant papillomatous growth. The papillae had conspicuous fibrovascular cores. Cells with basaloid features predominated, although rounded or spindle cells were also noted. An evident clear cell koilocytosis on surface was present in all of these cases (Figure 3c and d) .
Depth of invasion and tumor thickness were variable, from rare superficial to deep in erectile corpora cavernosa. In three cases, the lesion was predominantly in situ with a warty-basaloid configuration and associated foci of superficial infiltration of lamina propria. About one-half of all tumors invaded corpus cavernosum and the remainders were distributed almost equally between invasion of corpus spongiosum or preputial dartos. As corresponded to mixed tumors, histological grade was often heterogeneous, the warty component usually of grade 2, and the basaloid of grade 3. Vascular invasion was noted in almost one-half and perineural invasion in one-quarter of the cases (see Table 1 ).
Associated Lesions
Precancerous lesions were found in 19 cases (Figure 4 ). These lesions appeared in the epithelium usually continuous to the invasive carcinoma and sometimes separated from the primary tumor. The most common associated lesion was basaloid penile intraepithelial neoplasia, either alone or in combination with other lesions, especially with warty penile intraepithelial neoplasia. Differentiated penile intraepithelial neoplasia was unusual, and when present, it was combined in the same specimen with basaloid penile intraepithelial neoplasia, warty penile intraepithelial neoplasia, or both. Globally, in 18 cases, the associated penile intraepithelial neoplasia showed warty and/or basaloid features (Table 2) . Lichen sclerosus was present in two cases, associated with warty-basaloid or differentiated-basaloid penile intraepithelial neoplasia, one case each.
Pathologic Features and Nodal Metastasis
Inguinal nodal metastases were present in 11 of 21 patients who received groin dissections. Microscopically, the basaloid pattern predominated in metastatic nodes, often with prominent central necrosis or hyperkeratotic/parakeratotic debris. Proportion of basaloid cells adversely influenced prognosis. One tumor with o40% of basaloid component did not show inguinal spread. Tumors with 40-80% and 480% of basaloid features were frequently associated with groin metastasis (45 and 67% of cases, respectively). Inguinal nodal metastasis was frequent in tumors invading erectile corpora spongiosa or cavernosa. Higher histological grade was associated with increasing incidence of nodal metastasis. The majority of tumors with vascular or perineural invasion presented groin metastasis (Table 3 ).
Outcome Features
Of 21 patients followed, 7 died from disseminated carcinoma (33%), 9 died from causes unrelated to penile cancer, 1 was alive with metastatic disease at last follow-up, and 4 were alive with no evidence of disease. Most patients died within the first 3 years from diagnosis. Mean survival of patients who died from disseminated cancer was 2.8 years. The estimated survival rates at 5 and 10 years were 69 and 61%, respectively.
Comparison of Warty-Basaloid Carcinomas with Other Squamous Cell Carcinomas Subtypes
Comparison of clinicopathological features and nodal status of warty-basaloid carcinomas with other subtypes of penile squamous cell carcinomas (warty, basaloid, and usual) is depicted in Table 4 .
Patients with warty-basaloid carcinomas were older than those with usual squamous cell carcinomas, but the difference was not significant. Wartybasaloid carcinomas most frequently originated in the foreskin than other subtypes of squamous cell carcinomas. High histological grade and tumor thickness were similar in warty-basaloid and basaloid carcinomas, whereas tumors with warty and usual features were of lower grade and thinner. The incidence of nodal metastasis in warty-basaloid tumors was similar to that of usual squamous cell carcinomas, higher than warty and lower than basaloid carcinomas.
Discussion
About 10-20% of penile squamous neoplasms are composed of variegated or mixed pathologic patterns. 3, 17 Often it is problematic to classify and evaluate the prognostic significance of these mixed variants. Well known is the mixed usual-verrucous (hybrid) carcinoma with its increased risk for nodal metastasis when compared with pure verrucous carcinoma. 9, 18, 19 Other mixed forms of penile squamous cell carcinomas have been reported as part of larger series. 9, 17 We are describing a hitherto poorly recognized mixed neoplasm exhibiting warty and basaloid features. Considering their common human papillomavirus-related pathogenesis and the existence of morphological mixed forms, warty and basaloid carcinomas would represent the low-and high-grade ends of a clinicopathological spectrum. In 'pure' forms, the former has an excellent prognosis, with a reported metastatic rate of 17-18% and a low cancer-specific mortality (0-9%), [2] [3] [4] and the latter a high regional metastatic rate (50-100%) and a mortality rate of up to 67%. 2, 3, 7, 20 Frequently, there is an overlapping of morphological features of these neoplasms, as shown in this study. Diagnostic criteria are those used for either warty or basaloid carcinomas. 4, 7 Warty features include papillomatosis with papillae showing squamous maturation and koilocytosis. Basaloid features are represented by a typical nesting of tumor growth, central necrosis, abrupt keratinization and uniform undifferentiated small-to-intermediate-sized basophilic cells. In tumor nests of invasive warty carcinomas neoplastic cells are larger, with higher degrees of cell keratinization and koilocytosis. These features are not observed in the basaloid component of wartybasaloid carcinomas. The diagnosis of warty-basaloid carcinomas should be made after exclusion of pure warty or basaloid carcinomas. When in doubt about the proper allocation, the case should be classified as basaloid carcinoma as the prognosis of wartybasaloid carcinomas is considerably worse than that of warty carcinomas and, therefore, the therapeutic approach should be much aggressive.
The not too unusual association of these disparate patterns of penile carcinoma, which are biologically and morphologically distinctive, may be explained by their common association with human papillomavirus. Both warty and basaloid carcinomas have been reported as human papillomavirus-related. [11] [12] [13] In a recent survey of human papillomavirus in invasive penile carcinomas, the virus was detected in 9 out of 11 tumors with warty-basaloid features (82%) and this incidence is similar or higher to that reported for basaloid carcinoma. [11] [12] [13] Human papillomavirus genotype 16 was the most common. Other genotypes involved were 6, 56, 59, 68, 73, and 74, the latter often combined as multiple genotypes in the same specimen. 13 The distinction between a pure warty carcinoma and a warty carcinoma in which basaloid cells are observed is of clinical importance, as shown in this study, and justifies the allocation of warty-basaloid carcinoma as a distinctive squamous cell carcinomas variant. Comparison between pure warty and warty-basaloid carcinomas disclosed a higher metastatic rate in the latter (52%) compared with the former (33%) and similar to that observed for usual squamous cell carcinomas (57%). In addition, other clinical and pathological similarities and differences also emerged from this comparison, such as age at presentation, preferred anatomical site, histological grade, and tumor thickness (see Table 4 ). Warty-basaloid carcinomas occurred in patients older than those of warty, basaloid, and usual squamous cell carcinomas and tended to originate in the inner mucosa of the foreskin, whereas the usual variant and the majority of basaloid squamous cell carcinomas preferentially originated in glans epithelium. Nearly 90% of warty-basaloid carcinomas and all basaloid carcinomas were of high grade (grade 3), whereas warty carcinomas exhibited high-grade areas in only one-quarter of the cases. Tumor thickness was similar in warty-basaloid and in basaloid carcinomas and significantly greater than that observed in warty and usual carcinomas. Anatomical level of maximum tumor infiltration was similar in warty and warty-basaloid carcinomas, suggesting that the latter are more aggressive neoplasms at similar tumor infiltration level than the former. Our data indicate that warty-basaloid carcinoma is a pathological entity with an intermediate prognosis between pure warty and basaloid carcinomas and a biological behavior similar to that observed in usual squamous cell carcinomas. Taking into consideration the possible clinical implications, we recommend classifying an otherwise warty carcinoma as a warty-basaloid carcinoma if it shows 410% of basaloid cells in the tumor mass, either in superficial papillae or in deep infiltrative nests. These basaloid cells are not a conspicuous feature of warty carcinomas, whereas they tend to predominate in warty-basaloid squamous cell carcinomas. Conversely, characteristic changes of warty carcinomas, such as papillomatosis and koilocytosis, are not found to be prominent in basaloid carcinomas, whereas they are present in warty-basaloid carcinomas in at least 10% of tumor mass. Focal koilocytosis may be present in basaloid carcinomas and focal basaloid features also may be part of an otherwise classical warty carcinoma. Tumors with these minor foci of mixed components should be classified as pure variants. The consistency of this approach is shown in the distinctive behavior of such subtypes when applying this criterion for pathological diagnosis. 3 In more than one-half of cases with enough adjacent tissue for evaluation, there were foci of penile intraepithelial neoplasia, the majority of which showed basaloid or warty morphology and only rarely of differentiated type. Lichen sclerosus was unusual, and present in only two cases. The high morphologic correspondence of in situ and invasive lesions suggests that warty and basaloid penile intraepithelial neoplasia could act as precursor lesions of warty-basaloid carcinomas. The opposite occurs in usual, verrucous, and papillary, not otherwise specified invasive penile squamous cell carcinomas. In these neoplasms, there is a prevalent association with flat or verrucous squamous hyperplasia, differentiated penile intraepithelial neoplasia, and lichen sclerosus. 15 The distinctive and differential distribution of associated abnormalities and precancerous lesions according to predictable subtypes of squamous cell carcinomas favors the hypothesis of a dual pathogenesis for penile cancer, one related and the other unrelated to human papillomavirus. A similar bimodal pathogenic pathway has been proposed for vulvar and anal squamous cell carcinomas. 21, 22 Human papillomavirus-related tumors would include warty, basaloid, and warty-basaloid carcinomas. Basaloid and warty penile intraepithelial neoplasia would be their precursor lesions. Human papillomavirus-unrelated neoplasms would correspond to usual, papillary, pseudohyperplastic, cuniculatum, and sarcomatoid squamous cell carcinomas with differentiated penile intraepithelial neoplasia (simplex) as their precursor lesion. 13 The latter tumors are frequently associated with squamous hyperplasia and lichen sclerosus, lesions, which are uncommonly found in warty-basaloid carcinomas.
In summary, warty-basaloid carcinomas are morphologically distinctive mixed penile neoplasms characterized by the presence of intermingled warty and basaloid features either in deep infiltrative nests or in superficial papillae. They show a higher metastatic rate than pure warty carcinomas. Distinction of warty-basaloid carcinomas from warty 
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